The influence of leaves and buds on the rooting ability of cv. Gordal olive cuttings, under mist was studied. Presence of leaves significantly favoured callus and root formation and decreased or inhibited the outgrowth of buds to shoot. Lack of leaves significantly decreased or inhibited the rooting and enhanced shooting of buds, even when lateral buds were detached. Presence of lateral buds did not affect the rooting process.
Introduction
Mist rooting techniques are widely used in the propagation of olive plants. Nevertheless, there are cultivars, such as 'Gordal', that are very difficult to root (Troncoso et al, 1975; Del Río and Caballero, 1986 ) and consequently present troubles to be used with this method. Indolic 3-butyric acid (IBA) applications to the difficult-to-root cuttings do not significantly change their rooting response and in addition to a low rooting response, few and weak roots are formed (Weisman and Lavee, 1994) . Troncoso et al. (1975 Troncoso et al. ( ,1976 , Mazuelos et al. (1978) , Bartolini et al. (1979) , Caballero and Nahlawi (1979) , Troncoso et al (1981) and Weissman and Lavee (1995) , considered the influence of nutritional factors on the rooting of olive cuttings. Leaves and buds produce necessary cofactors to root and then the presence of these organs in the cutting is important (Hartmann 1994) . Fontanazza and Rugini(1977) also studied the influence of the presence of leaves on the rooting ability of easy-to-root olive cuttings.
The aim of the present work is to know the influence of leaves and buds on 'Gordal' (difficult-to-root) olive cuttings.
Material and methods
Two experiments (spring and autumn) were carried out using cv. Gordal olive cuttings, of 18 cm in length and 4-6 mm in diameter. Cuttings were divided into the following groups and for every group 6 replication of 10 cuttings were used:
• Normal cuttings with 2-3 pairs of leaves and lateral buds.
• Cuttings with 2-3 pairs of leaves but with lateral buds removed.
• Cuttings without leaves with lateral buds intacto • Cuttings with both leaves and buds, removed. All the cuttings were treated with IBA 8000 ppm immersion of the cutting base for 5 seconds in a 50:50 (v/v) hydroalcoholic solution. After auxin treatment, the cuttings were put in a mist propagation system for 60 days on a perlite substrate at 25°C basal heating. During the experiment the following factors were measured: number of cuttings with callus, rooted cuttings, number of roots per cutting, length of the roots and lateral shoots number and length.
Results and discussion
Callus formation at the base is the first activity of the cutting put to root under mist propagation as an initial process leading to rooting (Troncoso et al., 1975) . The percentage of cutting forming callus in the first spring experiment was general y high (figure 1). Three groups of cuttings (with leaves and buds, with leaves and without buds and without leaves and buds) developed callus in high proportions (81 % average, without significant differences among them) and the group without leaves but with buds reached only 62% of cuttings with callus. In consequence, it was not possible in this experiment to establish any relationship between the presence or absence of leaves or buds and the callus formation.
In the autumn experiment, there was a very clear relationship between the presence or absence of leaves and callus development. On the contrary, presence or absence of lateral buds did not influence the callus formation. The cuttings with leaves produced callus in 88% of the cases while those without leaves showed callus on only 30% of the cuttings (figure 1). The cuttings with leaves but without buds produced callus on 90% of the cuttings without a significant difference between those with leaves and buds (86%).
The influence of the presence or absence of leaves on the rooting capability of the cuttings was very clear. In the first experiment, cuttings with leaves and buds showed 23% of rooting. This number, according to the results of Troncoso et al. (1975) and Del Río and Caballero (1986) means a high rooting level for this cultivar. Cuttings with leaves but without buds reached 18% of rooting with no significant diferences from the first group, indicating the low influence of the presence or absence of lateral buds on the rooting. The groups of cuttings with no leaves, independently of the presence or absence of lateral buds, practically did not root (Figure 2) . A similar influence of leaves on rooting was obtained by Fontanazza and Rugini (1977) , working with other olive cultivars and using only cuttings with leaves and buds and cuttings without any organs.
The rooting obtained in the second experiment (autumn) confirmed the influence of lea ves on rooting. Despite a decrease of the percentage of rooting in the group of cuttings with leaves and buds, the cuttings with leaves showed a higher rooting ability than those without leaves which did not root (figure 2).
Growth of lateral shoots was also influenced by the presence or absence of leaves in the cutting. When the leaf was present, the corresponding axillary bud did not grow to form a shoot (figure 3). On the contrary, when the leaves were detached, the axillary buds showed a high activity, quickly forming at least one shoot with active growth. This shoot formation happened also in the cuttings where the leaves and lateral buds had been both removed, indicating a quick and high activation of the latent buds (figure 3).
In consequence, when no leaves were present, the priority of the cutting was to form new shoots with new young leaves, probably to assure photosyntesis. This process which requires a high energy consumption is possibily in competition with the rooting process, which is also in need of a high quantity of metabolites (Troncoso et al., 1975 and 1981) . This competition could explain, at least partially, the lack of rooting observed when no leaves were on the cutting, particularly with a difficult-to-root cultivar such as Gordal. Although Weissman and Lavee (1995) indicate that carbohydrates related to the rooting process belong to the cutting reserves rather than to the photosynthesis of the cuttings leaves, the leaf could produce sorne product necessary for the rooting. Hartmann (1994) indicates that buds could also produce sorne cofactor necessary for the rooting but, according to our results, the presence or absence ofaxillary buds did not influence callus formation, rooting or 1ength of roots (data not shown).
In consequence, presence or absence of leaves in the cutting was totally determinant for the rooting of cv. Gordal olive cuttings (considered as difficult-to-root) and clearly inhibited the lateral bud growth to form a shoot. The presence or absence ofaxillary buds did not affect the rooting process.
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